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Soil Survey

Geologic Framework and Groundwater Occurrence
R.F. Diffendal, Jr., Conservation and Survey Division, University of Nebraska, helped prepare this
section.

Geologic Framework
All of Kimball County is part of the Cheyenne Tablelands, a largely constructional
part of the High Plains underlain primarily by sediments transported from the Rocky
Mountains and deposited on the developing tablelands. Quaternary fluvial erosion cut
away parts of the tablelands producing the valleys of Lodgepole Creek and its
tributaries.
The oldest rocks exposed in Kimball County belong to the upper part of the Brule
Formation, youngest formation of the White River Group of rocks. The Brule
Formation is Oligocene in age and was deposited from about 35 to 29 million years
ago. The Brule Formation underlies the entire county and varies in thickness from a
few feet to more than 600 feet. The formation is mostly covered by younger deposits,
but is exposed in a few areas in natural exposures along the south valley side of
Lodgepole Creek and in a few roadcuts and excavations primarily on valley sides on
the south side of Lodgepole Creek west of Bushnell. Other small exposures crop out
along the east part of the valley of Rocky Hollow in the northeastern part of the
county.
Much of the Brule Formation is a brown to pinkish brown siltstone. The silt grains
in the rock are composed dominantly of volcanic glass and crystals erupted from
volcanoes that were active at the time of Brule deposition. These volcanoes appear
to have been located principally in the Southern Rocky Mountains and the Great
Basin. The silt in the form of volcanic ash was carried to Kimball County by winds and
deposited as an extensive blanket averaging several hundred feet in thickness. While
most of the siltstone is impure volcanic ash having some usually minor admixtures of
minerals from non-volcanic sources, some strata in the Brule Formation are
composed of very pure ash. These volcanic ash beds occur beneath much of western
Nebraska and adjacent parts of South Dakota, Wyoming, and Colorado, and are key
markers used by some drillers to determine position in the Brule Formation. Some
minor stream deposits of sandstone and conglomerate fill small valleys eroded into
the Brule silts during their deposition.
Some changes occurred in the Brule Formation after deposition of the silt.
Authigenic clays crystallized in the pore spaces between grains, forming a weak
cement. Fractures developed in some of the siltstones after this cementing process.
The fractures are very steeply dipping and occur in one or more sets, each with a
general directional trend (e.g., NW-SE, NE-SW, etc.) The density of fractures varies
through the formation and may be related to weathering of near-surface layers of silt
when deposition stopped for a time. Calcium carbonate concretions also formed in
some parts of the Brule Formation, probably as a result of changes in chemistry of
included waters or of soil-forming processes.
Volcaniclastic sandstones, conglomerates, and some siltstones of the lower part of
the Arikaree Group of late Oligocene age (about 28 million years old) crop out in a
very small locally exposed area along Rocky Hollow in the northeastern part of the
county. These sediments fill ancient gullies and valleys eroded into the underlying
Brule Formation. A few test holes in the northern part of the county have also
penetrated sediments of the Arikaree Group also filling small ancient gully and valley
systems. Overall the group is exposed in such a small area of the county that it has
had essentially no influence on soil development in Kimball County.
The Ash Hollow Formation of the Ogallala Group directly overlies the Brule
Formation beneath much of Kimball County today, and in the past covered the Brule
From: Soil Survey of Kimball County, Nebraska. (2005)
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Formation across the whole county. The Ash Hollow Formation is of Miocene age and
was deposited from about 13 to 5 million years ago. This formation was deposited on
the stream-eroded surface of the Brule Formation, largely as alluvial sediments
carried principally to the Kimball County area by ancient rivers draining the Rocky
Mountains in southern Wyoming and north-central Colorado. The sediments and
rocks of the Ash Hollow Formation include sands and gravels, conglomerates, sands,
sandstones, silts, siltstones, and minor diatomites. These kinds of deposits grade
laterally and vertically into one another, just as similar deposits of braided rivers do
today. At any one instant in the formation of the Ash Hollow, there were streams and
rivers transporting and depositing sediments in channels and flood plains directly
alongside higher spots where soils were forming on previously deposited sediments.
Through time these streams and rivers filled their channels with sediments eroded
from granites and other kids of rocks from the Rocky Mountains and then shifted to
new positions, cutting new channels, and filling them in turn. The thickness of the Ash
Hollow Formation in Kimball County, resulting largely from the mode of deposition just
outlined, varies from a feather edge along western Lodgepole Valley to 600 or more
feet in northern parts of the county (fig. 22).
In contrast to the tremendous volcanic ash falls that formed the Brule Formation,
the Ash Hollow Formation has only minor volcanic ash deposits rarely more than 10
feet thick and generally extends over areas of less than one square mile. These ash
deposits occur in former low spots on the depositional surface that were either
gullies, swales, ponds, or stream channels. Ash Hollow volcanic ash deposits usually
have admixtures on nonvolcanically-derived sediments and often appear to have
been washed off surrounding higher land surfaces into the low spots mentioned
above.
Parts of the Ash Hollow Formation are typified by hard calcium carbonate or silica
cemented layers of sandstone or siltstone that form grey to white ledges up to several
feet thick separated from one another by softer sediments or rocks. These so-called

Figure 22.—Exposure of sandstone of the Ash Hollow Formation of the Ogallala Group.
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calcretes and silcretes are thought to be remnants of paleosols formed in sediments
beneath topographically higher land areas adjacent to streams during deposition of
the formation. Fossil root structures and other plant fossils found in these ledges
support the idea of the paleosol hypothesis of origin for many of these strata.
A blanket of wind-deposited eolian silt or loess, deposited primarily on the Ash
Hollow Formation, underlies the tableland surface across most of the county. Most of
the loess is the early Holocene Bignell Loess and the late Pleistocene Peoria Loess,
ranging in age from about 20,000 to about 8,500 years. There are probably remnants
of older loess deposits buried beneath the Peoria Loess. Loess thicknesses range
from a feather edge to as much as 20 feet.
Several types of mappable deposits younger than the Peoria Loess are present
across parts of Kimball County. Generally thin colluvium underlies most slopes in the
county. Dunes of eolian sand are common along some parts of the valley floor of
Lodgepole Creek. Generally discontinuous fluvial fill terrace deposits occur along the
valley sides and beneath valley floors in the county. Most (and perhaps all) of these
deposits appear to be Holocene in age. The alluvium of Lodgepole Creek is up to
about 60 feet thick.

Groundwater
The Brule Formation, which underlies all of Kimball County, is not a good aquifer. It
may yield a moderate amount of water to wells where the siltstone is coarser grained,
where local sandstones and conglomerates occur, or where fractures are present.
Wells tapping fractures may yield large initial quantities of water, but yields may
rapidly decline. Some wells along lower valley sides and valley floors may tap this
source (fig. 23).
The Ash Hollow Formation is an important source of water, particularly in areas
underlain by thicker deposits of coarse grained sediments beneath the water table.
Of the units younger than the Ash Hollow Formation, the Peoria Loess is not a
water source, but can transmit water. Terrace deposits and younger alluvium beneath

Figure 23.—Gravity-irrigated edible beans on Tripp loam, 0 to 1 percent slopes.
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Lodgepole Valley may be important sources of water if they contain sufficient
saturated coarse-grained deposits. Eolian sand may yield small supplies of water if
conditions are right.
Depth to water is from less than 3 feet to about 50 feet in the valley of Lodgepole
Creek. Depth to water beneath the Cheyenne Tablelands ranges from about 100 feet
to more than 300 feet.
Water appears to occur in sufficient quantities to meet current needs in the county.
Most irrigation wells in the county also tap alluvial sources. Some irrigation wells
drilled on the tablelands also yield significant water from the Ash Hollow Formation
(fig. 24). The principal aquifer, which consists of the Ash Hollow Formation and the
Quaternary eolian and fluvial deposits, is thickest in the northern half of the county.

Figure 24.—Corn irrigated with a center-pivot sprinkler system.

Water quality varies. Elevated nitrate concentrations are present in water from
Lodgepole Valley. Water from beneath the tablelands is generally of good quality.

